Two new thiazolidinone steroids namely sulfadiazino-imino-steroid (I) and 3-sulfonamoyl-phenyl-spiro[4-oxo-thiazolidin-2, 2`steroid] (II) were prepared and characterized from their molecular weight determination and spectroscopic measurements. Compound II were physically immobilized onto polyurethane foams (PUFs) for the preconcentration of cadmium(II) from acidic aqueous media containing iodide ions. The kinetics of the retention step of cadmium(II) from aqueous solutions by compound II treated PUFs was studied. Particle diffusion was the most probable operating mechanism and did not control the kinetics of cadmium(II) retention by compound II immobilized PUFs. A preconcentration / separation procedure is presented for the solid phase extraction of trace cadmium(II) from aqueous media as its ternary complex ion associate with compound II in industrial wastewater samples onto compound II treated PUFs prior to determination by flame atomic absorption spectrometry (FAAS). Compound II treated PUFs sorbent was successfully packed in glass column for complete extraction and / or determination of trace concentrations of cadmium(II) in wastewater samples with satisfactory recovery (95 ±2.6). The cyclic voltammetry of compound II showed two well defined irreversible redox couples and suggested its possible use as complexing agent in stripping voltammetric determination of trace concentrations of toxic metal ions in wastewater.
Introduction
Water pollution by cadmium species is of considerable concern, as this metal has found widespread use in various industries 1 . The industrial effluents of many industries e.g. batteries, electroplating, leather tanning, nuclear power plant contain cadmium(II) at concentrations ranging from ten to hundreds of mg/L 2, 3 . It has been reported that, cadmium causes liver and lung cancer and kidney damage in humans and also it is toxic to other to other organism as well 3 . Over the years, a variety of solid sorbent e.g. PUFs, cellulose, chromosorb-106 resin, Dowex 50 W-X4, etc. immobilized with various chelating agents have been developed and applied successfully for preconcentration and subsequent determination of trace and ultra trace concentrations of metal ions in water samples 4 . Thiazolidin -4-one derivatives have received considerable attention because their compounds have shown excellent biological and pharmacological activity as plant protection agents against bacteria and fungi 5, 6 . The basic properties of the thiazolidin -4-one derivatives increase in the orders: NH < S< =O. Thus, this class of compounds facilitates the formation of complexes with various toxic heavy metal ions even if they were present at trace and ultra trace concentrations of in wastewater 6, 7 . Recent literature survey has revealed no use of the spiro-thiazolidinone reagents for separation and / or determination of trace concentrations of toxic metal ions in water and other complex matrices. Thus, in continuation to our previous work involving the use of PUFs sorbent [8] [9] [10] [11] [12] [13] [14] , the present article is focused on : i) synthesis of sulfodiazino-imino-steriod (I) and 3-sulfonamoylphenyl-spiro[4-oxo-thiazolidin-2,2`steroid (II); ii) studying the kinetics of the retention step of cadmium(II) from aqueous by the used solid PUFs sorbent in an attempt to develop low cost and effective preconcentration and / or determination method for trace and ultra trace concentrations of cadmium(II) in industrial wastewater samples using reagent physically treated PUFs in packed column and finally; iii) studying the voltammetric behavior of both steroids I and II ( Figure. 
Experimental
All chemicals used were of analytical reagent grade and were used without further purification. Most of the chemicals were provided by Merck (Darmstadt, Germany). Doubly de ionized water was used throughout the work. A.R grade sulfanilamide, tetraethyl ammonium tetra fluoroborate (TEAB), solvents and epiandrosterone (Fluka AG, USA) were used as received. The sample solution was stored in low density polyethylene (LDPE) bottles and stored at -20 °C in a freezer. Stock solution (0.1% w/v) of the steroid compound I or II was prepared in ethanol. A stock solution of CdCl 2 (1 mg/mL) was prepared by dissolving an accurate weight (0.1630±0.001 g) of the salt in doubly distilled water (100 mL).
Apparatus
A Perkin Elmer (Lambda EZ-210) double beam spectrophotometer (190-1100 nm) with 1 cm (path width) was used for recording the electronic spectra of the prepared solutions. A Perkins Elmer model RXI-FT-IR system 55529 was used for recording the IR spectra of the prepared compounds. A Brucker advance DPX 400 MHz model using TMS as an internal standard was used for recording the 1 HNMR spectra of the compounds on deuterated DMSO. A GC-MS-QP 1000-Ex model was used for recording the mass spectra of the compounds. Mass spectra were recorded on Kartos (75 eV) M/S equipment. A Perkin-Elmer (Analyst TM 800, USA) atomic absorption spectrometer (AAS) was used for measuring the concentration of cadmium ions before and after extraction at 242 at the optimum operational parameters of the instrument. Deionized water was obtained from Milli-Q Plus system (Millipore, Bedford, MA, USA) was used for preparing all solutions. A pH meter (Orion EA940, MA, USA) was employed for the pH measurements with absolute accuracy limits at the pH measurements being defined by NIST buffers. An electrothermal Bibbly Stuart Scientific Melting Point SMPI (US) was used for recording the melting point. Molecular weights of the compounds were preformed on Micro analytical center, Cairo University, Egypt. Digital pH-meter (model MP220, Metter Toledo) was used for pH measurements. A Metrohm 746 VA trace analyzer and 747 VA stand were used for recording the electrochemical experiments. A three-compartment borosilicate (Metrohm) voltammetric cell (10 mL) incorporating hanging mercury dropping electrode (HMDE, drop surface area 0.38 mm 2 ) as working, Ag/AgCl, (3M KCl), as a reference and Pt wire (BAS model MW-1032) as counter electrodes, respectively was used for recording the cyclic voltammetry of the tested compounds I and II in N, N-dimethylformamide solvent in the presence of TEAB.
Synthesis of sulfodiazino-imino-steriod (I)
Compound I was prepared according to the following method. A mixture of sulfadiazine drug (0.01 mol) and the steroid epiandrosterone (0.01 mol) in DMF (50 mL) was refluxed for 2 h and the resultant reaction mixture was cooled, poured on an ice bath. The solid formed was filtered off, washed several times with methanol, re crystallized from tetrahydrofuran and dried in vacuo (yield 55%), m.p. 
Synthesis of 3-sulfonamoylphenyl-spiro [4-oxo-thiazolidin-2, 2`steroid (II)
Compound II was prepared as follows: An accurate weight of the imino derivative (I), (0.01 mol) and thioglycolic acid (0.05 mol) in dry dioxan (100 mL) were refluxed for 8 h, left to cool and poured onto an ice-NaHCO 3 . The solid formed was washed several times with methanol, re crystallized from tetrahydrofuran and dried in vacuo (yield 78 %), m.p. 
Preparation of the compound II treated polyurethane foams
The compound II (1% w/v) in water was shaken with the PUFs cubes in the presence of the plasticizer TOA (1% v/v) with efficient stirring for 30 min. The loaded II PUFs cubes were squeezed and dried between two filter papers 12 . The amount (a) of II retained onto the PUFs sorbent was calculated using the equation 11, 12 :
Where, C o and C are the initial and final concentrations (mol L -1 ) of the compound II in solution respectively, v = volume of the reagent solution (liter) and 'w' is the mass (g) of the PUFs sorbent.
Recommended batch extraction procedures
An accurate weight (0.1±0.002 g) of the compound II immobilized PUFs was equilibrated with an aqueous solution (100 mL) containing cadmium (5.0 µg mL -1 ) in the presence of KI (10% w/v), at various pH. The test solutions were shaken for 1 h on a mechanical shaker and the aqueous phases were then separated out by decantation. The amount of cadmium(ІІ) remained in the aqueous phase was then determined by FAAS. The amount of cadmium(ІІ) retained on the foam cubes was then calculated from the difference between the concentration of cadmium(II) in the test aqueous solutions before (C b ) and after extraction (C f ). The sorption percentage (%E), the amount of cadmium(ІІ) retained at equilibrium (q e ) per unit mass of solid sorbent (mol/g) and the distribution coefficient (K d ) of sorbed analyte onto the foam cubes were finally calculated as reported. The %E and K d are the average of three independent measurements and the precision in most cases was ±2%. Following these procedures, the influence of shaking time and reagent concentration treated PUFs on the retention step of cadmium(II) by the tested PUFs sorbents was studied.
Recommended chromatographic separation
An aqueous solution (100 mL) containing cadmium(ІІ) ions at concentration (5, 10 µg mL -1 ), KI (10%) and H 2 SO 4 (0.01 mol L -1 ) was percolated through the PQ + Cl -loaded PUFs (1.0±0.01 g) packed column at 5.0 mL min -1 flow rate. A blank experiment was also performed in the absence of cadmium(ІІ) ions. Cadmium(II) sorption took place quantitatively as indicated from the analysis of cadmium species in the effluent solutions by FAAS. Cadmium(II) was quantitatively recovered with HNO 3 (25 mL, 1.0 mol L -1 , 10 mL) at 5.0 mL min -1 flow rate.
Results and Discussion

Spectroscopic characterization of compounds I and II
Spiro-thiazolidinones have been reported to posse's considerable pharmaceutical potentialities [16] [17] [18] [19] [20] . Therefore, the present article is focused on the synthesis of two new compounds I & II derived from sulfadiazine drug for their use as suitable complexing agents for stripping voltammetric determination and separation of toxic metal ions in wastewater samples. Condensation of the sulfadiazine drug with ketonic steroid epiandrosterone in boiling DMF 17, 18 yielded I, which upon cycloaddition reactions with thioglycolic acid in dry dioxan [17] [18] [19] led to the direct formation of II. The structure of obtained compounds was established from their molecular weight determination and spectroscopic data pH
Extraction
Retention profile of cadmium(II) onto compound immobilized PUFs
Preliminary batch experiments employing the compounds I and II immobilized polyurethane foams (PUFs) for the uptake of trace concentrations of cadmium(II) ions from the aqueous solutions containing excess of KI (5% w/v) -H 2 SO 4 (.0.01 M) revealed considerable retention of cadmium(II) by the latter reagent. Thus, the preconcentration of cadmium(II) ions from the aqueous KI -H 2 SO 4 solutions onto the compound II immobilized PUFs as solid sorbent was critically investigated. The results revealed the dependence of cadmium(II) uptake from the test aqueous solution depends on the solution pH. Thus, the effect of the aqueous solution containing excess of KI (5% m/v) at different pH (pH 3-10) on the retention of cadmium(II) ions at reasonable concentration (5.0 µg mL -1 ) by the immobilized PUFs was investigated. After shaking the test solutions of one hour, the amount of cadmium(II) remained in the aqueous solution was determined by flame atomic absorption spectrometry (FAAS). The results indicated that, the uptake of cadmium(II) onto the loaded PUFs decreased on raising the solution pH and maximum sorption percentage was achieved at pH ~ 3 ( Figure 2 -2 ] on/ in the solid PUFs via a "solvent extraction" and /or weak base anion exchange mechanism". Similar trend has been reported for the retention of some anionic complex species of cadmium(II) by methyl isobutyl ketone and some other solvents that posses ether linkages in their structures e.g. diethyl ether, isopropyl ether and polyurethane ether -type foams 20, 21 . 
Kinetics of cadmium(II) retention onto the compound II loaded PUFs
The sorption of cadmium(II) ions onto the steroid II immobilized PUFs sorbents was found to depend on shaking time and cadmium(II) uptake was fast and reached equilibrium at 20 min shaking time. This conclusion was supported by the values of the half-life time (t 1/2 (t 1/2 = 2 min) of cadmium(II) sorption by the reagent immobilized PUFs (Figure 3) . Thus, gel diffusion is not only the rate-controlling step for both sorbents as in the case of common ion exchange resins [20] [21] [22] . Therefore, the kinetic behavior of cadmium(II) sorption onto the immobilized PUFs sorbents depends on film diffusion and intra particle diffusion and the more rapid one will control the overall rate of transport. The retention of cadmium(II) species onto the used immobilized reagent PUFs was subjected to Weber -Morris model Where, R d is the rate constant of intra-particle transport in mmol g -1 min -½ and q t is the sorbed cadmium(II) concentration (mol.g -1 ) at time t. The plots of q t versus time were found linear with correlation coefficient in the range of R 2 =0.975-0.980 in the initial stage of shaking time (up to 4-5 min) for cadmium(II) retention onto the reagent immobilized PUFs sorbents and deviate on increasing the shaking time. In the initial stage, the diffusion rate was high and decreased on passage of time indicating that the rate of the retention step is film diffusion at the early stage of extraction 23, 24 . The values of R d were found equal 0.67 mol.g .min -1/2 , respectively. The change in the slope for the reagent immobilized polyurethane foams is most likely due to the existence of different pore sizes 23, 24 on the used solid sorbents and confirm that, the intra-particle diffusion step can be a rate controlling step.
The sorption of cadmium(II) onto the reagent loaded foams was also subjected to Lagergren kinetic model over the entire range of agitation time. The Lagergren model can be expressed by the following equation 25 : log (q e -q t ) = log q e -(kt/2.303) (3) Where, q e represents the sorbed concentration of cadmium(II) onto the PUFs sorbent at equilibrium (mol.g -1 ) and k is the over all first order rate constant. The plots of log (q e -q t ) versus time up to 30 min were found linear. The values of the k calculated from the slopes of linear plot given was found equal 0.22±0.0001 These data confirm that, particle diffusion is the most probable operating mechanism and does not control the kinetics of cadmium(II) sorption onto the immobilized foams. Thus, the retention of cadmium(II) onto PUF cubes involves three steps: i) bulk transport of cadmium(II) in solution; ii) film transfer involving diffusion of cadmium(II) species within the pore volume of PUF and/or along the pore wall surface to an active sorption site 23, 24 4 -2 ] onto the interior surface is rapid and hence it is not the rate determining step in the sorption process. Thus, one may conclude that, film and intra-particle transport might be the two main steps controlling the sorption step. Thus, "solvent extraction" or a "weak base anion ion exchanger" mechanism is not only the most probable participating mechanisms and most likely, some other processes like specific sites on the PUFs are possibly involved simultaneously in the cadmium retention from the bulk aqueous solution on the solid sorbent.
Analytical application
The validation of the compound II immobilized PUFs solid sorbent was successful assessed by using the compound II immobilized PUFs in packed column for collection of various concentrations (100 mL, 30-100 µgL -1 ) of cadmium(II) in de ionized water. The sample solutions were percolated through the PUFs packed column at 5-10 mL min -1 flow rate. Complete retention of cadmium was achieved onto PUFs packed column as indicated from the absence of cadmium in the effluent by FAAS.
The retention of cadmium(II) from industrial wastewater was also carried out following the same procedures. The water samples of industrial wastewater (0.5 L) of electroplating industry after acidified with phosphoric acid was spiked with various concentrations (5, 10 µgmL Table 1 . Cadmium was quantitatively recovered with nitric acid (25 mL, 1.0 M) and analyzed by FAAS. A satisfactory recovery percentage of total cadmium was achieved in the range 95.0± 2.6. The same observation was also confirmed from the progressive cathodic shift on increasing the scan rate confirming the irreversible nature of the reduction processes of the compound. The plot of the square root of the scan rate versus the corresponding cathodic peak current, i p,c of peak I increased linearly on increasing the scan rate, indicating that the electrochemical reduction process is a diffusion process. The CV of the steroid I in the potential range 0.0-(-1.0) V revealed one well-defined cathodic peak (peak I) in the potential range -0.34 -(-0.37) and another ill defined cathodic peak at -0.44-(-0.48) V versus Ag/AgCl electrode, while no anodic peaks were observed on the reverse scan, confirming also the irreversible nature of the two electrochemical reduction processes of the compound I. Continuous scan of the CV of compound I significantly decreased the peak current height and the signal is hardly discernible from the baseline, indicating passivity of the surface of the HMDE electrode via formation of polymeric oxidation product or fouling of the HMDE electrode by the reduction products 26 . The overall results suggest the possible use of the II as complexing agent in cathodic stripping voltammetry for determination of cadmium(II) ions(II) in water.
Conclusion
The use of II for the minimization and separation of trace and ultra trace metal ions in drinking and wastewater samples represents a great challenge in recent years. The voltammetric behavior of the two compounds I and II suggested the use of the compound II as chelating agent for differential pulse -cathodic stripping voltammetry for the determination and chemical speciation of ultra trace concentrations of heavy metal ions. Thus, work is continuing for preparing a chemically modified glassy carbon electrode with the compound II to be used in stripping voltammetric mode for the determination and chemical speciation of trace metal ions in e.g. cadmium(II), arsenic(III), antimony(III) and bismuth(III) etc. in water as reported 27 .
